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$\nabla\cdot u=0$ , (2.1)
$\frac{Du}{Dt}=-\frac{1}{\rho 0}\nabla P-\frac{1}{\rho 0}\rho’g\hat{z}+\nu\nabla^{2}u$, (2.2)
$\frac{D\rho’}{Dt}=-w\frac{d\overline{\rho}}{dz}$ (2.3)
t $\ovalbox{\tt\small REJECT}$ $p$ $u(=(u, w))$ $g$ z$\hat{}$ $\ovalbox{\tt\small REJECT}$
$\nu$ $\rho$





$P=p+\rho 0g(z-d)$ , (2.5)
$d$
$u=(U, 0) , \rho’=0$ , (2.6)
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$U$ $(z=0)$
$(x, t)$
$z=f_{0}(x, t)$ , (2.7)








$\frac{\partial u’}{\partial x}+\frac{\partial w’}{\partial z}=0$ , (3.1)
$\frac{\partial u’}{\partial t}=-\frac{1}{\rho 0}\frac{\partial p’}{\partial x}$ , (3.2)
$0=- \frac{\partial p’}{\partial z}-\rho’g$ , (3.3)





$N^{2} \equiv-\frac{g}{\rho 0}\frac{d\overline{\rho}}{dz}$ , (3.5)
$u’(x, z, t)= \sum_{n=0}^{\infty}A_{n}(x, t)\frac{d\phi_{n}(z)}{dz}$ , (3.6)
51
$w’(x, z, t)=- \sum_{n=0}^{\infty}\frac{\partial A_{n}(x,t)}{\partial x}\phi_{n}(z)$, (3.7)
$p’(x, z, t)= \sum_{n=0}^{\infty}p_{n}’(x, t)\frac{d\phi_{n}(z)}{dz}$ . (3.8)
$\rho’(x, z, t)=\sum_{n=0}^{\infty}\rho_{n}’(x, t)\frac{d^{2}\phi_{n}(z)}{dz^{2}}$, (3.9)
$n$ ( $=$ )
$n=0_{\}}1,2,$ $\ldots$





$\phi_{n}=0, z=0$ , (3.11)
$\frac{d\phi_{n}}{dz}=\frac{g}{c_{n^{2}}}\phi_{n}, z=d$, (3.12)
Gi11(1982) [1] (3.10) (3.11)
$\phi_{n}(z)=\sin\frac{N}{c_{n}}z$, (3.13)








$(2.1)-(2.3)$ (2.8), (2.10), (2.11)
$d$ , $U$ ,
$\rho_{0}U^{2}$ , $-d(d\overline{\rho}/dz)$
$\nabla\cdot u=0$ , (4.1)
$\frac{\partial u}{\partial t}+(u\cdot\nabla)u=-\nabla P-(\pi K)^{2}\rho’\hat{z}+\frac{1}{Re}\nabla^{2}u$ , (4.2)
$\frac{\partial\rho’}{\partial t}+(u\cdot\nabla)\rho’=-w$ . (4.3)
$Re(=Ud/\nu)$ $K$
$K \equiv\frac{Nd}{\pi U}$ , (4.4)
$K$
$\phi_{n}$ (3.12)
$\phi_{n}=0, z=d$ , (4.5)
$c_{n}(n=1,2,3, \ldots)$








$P=p0+ \frac{1}{F_{d}^{2}}(z-1)$ , (4.9)




$F_{d} \equiv\frac{U}{\sqrt{gd}}$ , (4.12)
MAC(Marker and Cell)
4.2
1 $d$ , $800d$
$x=0$





$\alpha\equiv\frac{N\sqrt{d}}{\sqrt{g}}=\pi K\cdot F_{d}$ , (5.1)
$\alpha^{2}\ll 1$ , (5.2)
[2],
5.1 $K$
Hanazaki(1989) [3] $\psi’$ :
$\psi’(x, z, t)=\int_{0}^{z}(u-U)dz$ , (5.3)













3 $K=0.5,1.5,2.0$ $A_{n}(x, t)$ $K=1.5$ $A_{1}(x, t)$
$(x\sim-18)$ 2 $K=2.0$
$U$ 1 $K=2.0$ $A_{2}(x, t)$
$K=2.0$ (5.4)




























$c_{m}^{*} \simeq\alpha\frac{n\pi}{(n\pi)^{2}+\alpha^{2}}$ , (513)
$U$ :
$\frac{c_{\eta}}{U}\simeq K\frac{n\pi^{2}}{(n\pi)^{2}+\alpha^{2}}=\frac{nK}{n^{2}+(K\cdot F_{d})^{2}}$ , (514)
(4.4)
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1: $d/20.$
(a) $K=1.5,$ $t^{*}=Ut/d=20$ . (b) $K=0.5,$ $t^{*}=Ut/d=20.$
(c) $K=1.5,$ $t^{*}=Ut/d=30$ . (d) $K=0.5,$ $t^{*}=Ut/d=30.$
(e) $K=1.5,$ $t^{*}=Ut/d=40$ . (f) $K=0.5,$ $t^{*}=Ut/d=40.$
2: $\psi’$ $K=1.5$ , $K=0.5$




( $a$) $A_{1}(x, t)$ .
$\wedge\check{v^{\sim}}\vee\grave{\aleph}$
$\sqrt{}d$
( $b$ ) $A_{2}(x, t)$ .





4: $Ut/d=40$ $K$ $=0.1,$ $Re=500$
$\backslash _{\aleph}\searrow$
$\searrow_{\backslash _{\aleph}}$





6: $A_{n}(x, t)$ $Ut/d=40$
$K=1.5,$ $Re=500$ $F_{d}=0.1.$
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